A b s t r a c t A prospective multicentral observational study of minimally invasive fusion to treat degenerative lumbar disorders, and to report outcomes of one or two level minimally invasive posterior lumbar interbody fusion (MLIF) for degenerative lumbar disorders in a multi-center 1-year prospective study. We prospectively studied a group of 32 patients, mostly female 24 ( 75% female ), and 8 males ( 25%). They underwent minimally invasive transforaminal lumbar interbody fusion (mTLIF), 21 of them monosegmental and 11 bisegmental. Patients demographics, intraoperative data and complications were recorded. Time to first ambulation, time to study-defined recovery, surgical duration, blood loss, fluoroscopy time and adverse events were recorded. Visual analogue scale (VAS) of back and legs pain, Oswestry disability index (ODI) and health-related questionnaire (EQ-5D) were assessed preoperatively and at defined time points through 12 months postoperatively. Mean surgical duration, blood loss and intraoperative fluoroscopy time were 125 vs.175 minutes, 150 vs. 170 ml, and 105 vs. 145 seconds in one-and twolevel segments, respectively. Mean preoperative VAS back (6.5) and VAS leg (7.9) scores dropped significantly (p<0.0001) to 3.5 (2.6) and 2.1 (2.0) at discharge (6 weeks). At the end, this is the largest prospective multi-center observational study of MLIF to date, following routine local standard of practice and, MLIF demonstrated favourable clinical results with early and sustained improvement in patient reported outcomes and low major perioperative morbidity.
INTRODUCTION
Instrumented lumbar fusion is the gold standard for the management of lumbar degenerative disc disease (DDD) and it is usually done through an open procedure, which involves an excessive intraoperative dissection [17] and retraction of the paraspinal musculature leading, in a short term basis, to a prolonged recovery time from the surgery [1] .
The open approach is frequently associated with the significant blood loss and need of transfusion, produces the majority of the perioperative pain, increases hospital stay and the chances of infection and delays the return to normal activities and to work [1, 2] . In a long term basis, the open procedure leads to denervation, atrophy and loss of the muscles independent function, resulting in an increased risk of fusion disease, a term that has been coined to describe its occurrence [6, 11, 12] .
Over the past decades minimal invasive surgery is gaining popularity in the treatment of DDD [19] . The minimally invasive spinal (MIS) surgery was developed as a potential solution to the above mentioned problems by reducing the amount of iatrogenic soft tissue injury while reaching the same traditional goals of the open procedures. Besides minimizing the long term effects of exposure-related muscle injury [11, 12] , minimally invasive lumbar fusion techniques hold the promise of immediate short-term advantages [14, 15] .
The minimally invasive access requires a surgical corridor targeted on the disease which is accomplished by using a series of tubular muscle dilators allowing a clear intraoperative visualization to perform these procedures together with the parallel use of image guided percutaneous insertion of pedicle screws and instrumentation.
METHODS
32 patients participated in this study at our department, were those that have indication for a single or double level instrumented lumbar fusion for the treatment of the degenerative lumbar spinal pathologies causing back pain and/or leg pain.
Approximately 200 patients from 19 centers located in Europe, Australia and Canada were enrolled over a period of 12 months. From June 2011 to June 2012, in our neurosurgical unit we were prospectively studied a cohort of 32 patients (24 females, 8 males) with the mean age of 53 years who fulfilled the inclusion criteria at the primary consultation, were included in the study.
Schedule for patient follow-up visits were after surgery at 4 weeks (± 2 weeks), 3 months (± 1 month), 6 months (± 1 month) and 12 months (± 2 month). Preoperative data included registration of patient demographics which contain visit date, sex of patients, weight and height with calculating of body mass index (BMI), work status, medical history which include approximately duration of symptoms that resulted in the planned surgery, how long the patient has been treated with the conservative care and has the patient had any previous lumbar spine surgery(ies).
Only microdiscectomy was allowed to be included. Patients examined whether they had any neurological deficit or either pre-existing medical conditions relevant to the study. The average and types of pain medications which were taken before and after surgery were also documented. Imaging performed for diagnostic reasons includes X-ray (native & dynamic) and MRI scans.
The main reason for surgery were divided into the back pain, legs pain with or without neurologic dysfunction and neurologic claudications as it is shown in graph below. The
Graph 1 Indication for surgery main pathology(ies) at the level to be operated were spondylolisthesis (degenerative, isthmic), stenosis either central or foraminal and disc pathology (disc height reduction, disc herniation). If another level going (only 2 levels included) to be treated, the same questions were fulfilled.
RESULTS
From June 2011, until June 2012 we prospectively studied group of 32 patients mostly female 24 ( 75% female ), and 8 males with mean age 53 years, mean BMI 26, and mean duration of symptoms were 15 month.
They underwent mTLIF (Fig.1) , 21 of them monosegemental and 11 bisegemental. Segments which mostly were treated were L4/5 and L5/Sl, only 4 patients underwent surgery at L3/4. Patients were indicated for surgery mostly for the leg pain (53%), back pain (25%) and neurogenic claudication (22%). They were treated for degenerative pathologies mostly disc pathology (72%) with or without spinal stenosis, and or (28%) spondylolistheis. 22% of patients had previous decompression surgery at the target level. Mean surgical duration, blood loss and intraoperative fluoroscopy time were 125 vs.175 minutes, 150 vs. 170 ml, and 105 vs. 145 seconds in one-and two-level cases, respectively. (Table 1) A The mean time to the first ambulation was 1.5 days, and time to study-defined recovery was 3.0 days. Mean preoperative VAS back (6.5) and VAS leg (7.9) scores dropped significantly (p<.0001) to 3.5 (2.6) and 2.1 (2.0) at discharge (6 weeks).All of patients were available at follow-up schedules. One-level surgery occurred at L4-5 or L5-S1 in 66% and twolevel surgery at L4-S1 in 34%.VAS improvement was sustained between 6 weeks and final follow-up at 12 months. Preoperative ODI (58) and EQ5D (51.5) changed to 36.5 (22) and 68.6 (72.1) at 4 weeks. (12 months) (p<.0001). 56% of patients were working at the baseline , the rest were not working either because of spine problem or were at maternal holidays, or were pensioners. From above 18 patients, 67% return to their works at 6 month follow up and rest of them which were mostly elderly had to find part -time jobs. In the 12 month follow up, a total of 1 adverse events in 2 patients (6%) were attributed to the hardware (screw breakage), no deep surgical site infections or other complication were seen. (Table 2) DISCUSSION Our study presents outcome and complication rates after mTLIF surgery from june 2011 to 2012 in the Central Military hospital, Ružomberok, Slovakia, as a part of multi-center study. At the end of the study, 225 patients were available at 12 months. VAS improvement was sustained between 4 weeks and final follow-up at 12 months. Preoperative ODI (45.5) and EQ5D VAS (52.9) changed to 34.5 (23.2) and 65.4 (70.1) at 4 weeks (12 months) (p<0.0001).In the 4-week time window, a total of 39 adverse events in 32 patients (12.7%) were attributed to surgery, approach or device; no deep surgical site infections and one revision surgery were observed. The experience with the minimally invasive lumbar fusion procedures are documented in the medical literature. Foley et al [4] in a review article concluded that the preliminary clinical results (of ALIF, TLIF and PLIF) suggest that minimally invasive lumbar fusion will have a beneficial impact on the care of patients with spinal disorders. Because the techniques are new and evolving, studies with long-term follow-up will be necessary to validate its success and support their potential benefits. Park and Foley [14] describe a technique for minimally invasive TLIF that permits the surgeon to reduce spondylolisthesis percutaneously. The results in 40 consecutive patients who underwent minimally invasive TLIF for symptomatic spondylolisthesis utilizing this approach were reviewed. The authors conclude that minimally invasive TLIF for symptomatic spondylolisthesis appears to be an effective surgical option with results that compare favorably to open procedures. Schizas et al [19] published their TLIF initial experience both with minimally invasive and open procedures in 36 patients, 18 in each group with an average follow-up of 22 and 24 months, respectively. Clinical outcome was assessed using the VAS and the Oswestry disability index. There was no difference in length of surgery between the two groups. The minimally invasive TLIF group resulted in a significant reduction of blood loss and had a shorter length of hospital stay.No difference was observed in postoperative pain, initial analgesia consumption, VAS or ODI between the groups. Three pseudoarthroses were observed in the minimally invasive TLIF group however, not statistically significant. A steeper learning effect was observed for the minimally invasive TLIF group. O'Toole et al [13] published a retrospective review of prospectively collected databases of 1274 consecutive patients that underwent 1338 minimally invasive spinal surgeries performed by the authors. The postoperative infection rates were 0.74% for instrumented arthrodesis and 0.22% for the entire cohort series. Their findings suggest that minimally invasive techniques reduce postoperative wound infections by as much as 10-fold compared with other large, modern series of open spinal surgery in the literature. Although the published literature shows evidence of the benefits of the minimally invasive lumbar fusion procedures over the traditional open technique the results do not allow a final conclusion due to the lack of data from a sufficient number of patients.
CONCLUSIONS
It was the largest prospective multi-central observational study of MLIF to date, following routine local standard of practice. MLIF demonstrated favourable clinical results with early and sustained improvement in patient reported outcomes and low major perioperative morbidity.
Based on our results and clinical experiences we can put forward the following conclusions: 1. Mininvasive fusion surgery is muscle friendly surgery which is preventing the postoperative fusion disease. 2. In polymorbid and obese patients MLIF reduces the blood loss and major complications which is sometimes crucial and life saving for the patient. 3. Less hospital stay, analgesic usage and early comeback to the previous work. 4. Fluoroscopy time is depending on the learning curve of the surgeon and could minimize in the era of 3D imaging and navigation.
